Abstract Primary osteosarcomas are derived from primitive bone-forming mesenchymal stem cells and most often originate in the metaphysis of the long bones of children and adolescents, but it occurs very rare in adults. Approximately 10% of osteosarcomas are located in the flat bones, pelvis being the main site. Involvement of flat bones like rib may be seen as a metastatic process or secondary to chemotherapy, but a primary osteosarcoma rib is extremely rare. Osteosarcoma originating from such rare sites poses numerous diagnostic and therapeutic challenges, and we report one such case in a 24-yearold male patient. Our case highlights the fact that osteosarcoma of the rib, although rare, should be considered in the differential diagnosis of primary malignant neoplasms of the rib even in the adult population. Further, early prompt diagnosis and aggressive multimodality management are cornerstones of management and will help improve the survival outcomes.
Introduction
Osteosarcomas are the most common malignant neoplasms of the bone, the most common site being the metaphysis of the long bones of children and adolescents. Around 10% of osteosarcomas are believed to arise from the flat bones, the most common site being the pelvis [1] . Involvement of flat bones like rib may be seen as a metastatic process or secondary to chemotherapy, but a primary osteosarcoma rib is extremely rare [2, 3] . We report a case of primary osteosarcoma arising from the ribs of a 24-year-old male patient highlighting the therapeutic challenges along with a brief review of the literature.
Case Report
A 24-year-old male patient without any comorbid illnesses was referred to our centre for further evaluation of a recurrent right chest wall swelling of an 8-month duration. He had undergone an attempted excision of the swelling at an outside centre 4 months prior. Clinical examination revealed a painless bony hard fixed mass of 20 × 15cm in the right lateral chest wall with an overlying 10 cm surgical scar of the prior surgery which had healed by secondary intention. (Fig. 1a) There was no regional adenopathy, and general examination and further systemic examination were normal. A computerized tomography scan of the chest showed the swelling to arise from the fifth to the seventh ribs and with extensive soft tissue involvement including the underlying parietal pleura, the overlying intercostal muscles and the adjoining muscle fibres of serratus anterior, pectoralis major, and the external oblique. Moderate pleural effusion was also noted; the remaining lung parenchyma was however normal. The cytology of the pleural fluid revealed an exudative effusion which was negative for malignant cells. A bone scan revealed an isolated uptake in the fifth, sixth and the seventh ribs (Fig. 1b, c) . A review of the histopathology of the initial surgery and the core needle biopsy from the swelling done at our centre confirmed the diagnosis of a high-grade osteosarcoma (Fig. 1d) .
The patient after a multidisciplinary board discussion was planned on initial systemic therapy. He received 3 cycles of neoadjuvant IAP (ifosfamide, Adriamycin, and cisplatin) chemotherapy. The patient had a static response to the neoadjuvant chemotherapy; a subsequent CT scan of the chest done however showed disappearance of the effusion. The patient was subsequently taken up for a definitive surgery which entailed an en bloc excision of the fifth to the seventh ribs along with the overlying soft tissues and skin. The resultant defect was reconstructed using a Prolene mesh. A latissimus dorsi flap was placed to cover the mesh and the skin was closed primarily. (Fig. 2a-d) The patient had uneventful postoperative recovery; the final histopathology confirmed the diagnosis of a high-grade osteosarcoma with 30% necrosis extending to surrounding soft tissues with all bony, soft tissue, and skin margins being free of tumour. The patient completed the remaining 3 cycles of adjuvant IAP chemotherapy and is on regular follow-up and is disease free for the past 13 months post-surgery.
Discussion
Primary osteosarcomas are derived from primitive boneforming mesenchymal stem cells and most often originate in the metaphysis of the long bones. Approximately 10% of osteosarcomas localise in the flat bones, pelvis being the main site. Primary osteosarcomas of the ribs are infrequent and have been reported mainly in the paediatric population [1] [2] [3] [4] .
There are no characteristic symptoms or signs of osteosarcoma of the ribs; in fact, primary osteosarcomas originating from flat bones often pose a major diagnostic challenge to the treating clinicians [5, 6] . The typical 'sunburst' radiological pattern observed in the osteosarcomas of the long bones is generally not observed in osteosarcomas of the ribs and other flat bones. Owing to the exclusive site and varying radiological features, these tumours can be confused with other bone sarcomas including chondrosarcomas and fibrosarcomas. A secondary metastasis from a primary bony osteosarcoma is also an important differential as the two entities have different biological behaviours and require different treatments and ultimately different prognosis. Osteosarcomas typically show increased uptake on technetium-99 m bone scans. Bone scans are useful in excluding multifocal disease and occasionally skip lesions. Skip lesions are however most reliably identified by a MRI scan [5] .
The classic histological feature of a ramifying osteoid matrix laid down by the neoplastic cells with osteoblastic differentiation clinches the diagnosis of osteosarcoma. The diagnosis of a primary osteosarcoma in a small biopsy can at times be challenging. Diagnostic difficulties can additionally be encountered when the osteoid production is scant wherein an extensive sampling of the tumour is warranted. Multiple soft tissue cores easily can be obtained in tumours with extensive soft tissue involvement as was initially performed in our patient. The histological features of certain low-grade osteosarcomas can mimic benign tumours like fibrous dysplasia and desmoplastic fibroma. The histologic pattern differentiating low-grade osteosarcomas from fibrous dysplasia is its permeative growth pattern encasing pre-existing trabecular bone. Extension to the adjacent soft tissues is a feature not associated with fibrous dysplasia. The presence of new bone formation effectively excludes a diagnosis of desmoplastic fibroma. Fig. 1 a A clinical The management strategies for osteosarcomas are multimodal and generally consist of a combination of chemotherapy and surgery. The guidelines for management of a rib primary osteosarcoma is not clear due to the small number of cases studied. Wide en bloc resection aimed at achieving tumour-free margins is necessary in all cases of malignant chest wall tumours including osteosarcomas [5] . Surgery for primary rib osteosarcomas should include resection of the involved ribs with wide margins that may include the adjacent ribs, intercostal muscles and pleura as clinically indicated. The chest wall stability is generally achieved by reconstruction of rib cage with synthetic meshes such as polypropylene or polytetrafluroethylene with or without methyl methacrylate reinforcement. The other options of chest wall reconstruction include the use of titanium meshes, metallic implants and allografts. A full-thickness resection generally precludes a primary closure of the chest wall defect; regional myocutaneous flaps like the latissimus dorsi, rectus abdominis or the pectoralis major have been used to achieve a skin and soft tissue cover.
Multi-agent chemotherapy has been used in many series in an attempt to improve the patients' disease free and overall survival, by reducing the risk of both local and distant relapse. Neoadjuvant chemotherapy is considered as an acceptable modality of treatment in cases wherein the pre-operative diagnosis of osteosarcoma is established [7, 8] . Neoadjuvant chemotherapy was considered in our patient in view of the incomplete resection and the presence of an exudative pleural effusion. Osteosarcomas have traditionally been considered to be relatively radio-resistant tumours. Radiotherapy however has been tried in cases of osteosarcomas of head and neck region and in osteosarcomas involving the axial skeleton especially in cases with positive histological margins or in cases wherein a complete resection is not deemed feasible. The overall prognosis of osteosarcoma in flat bones remains poor despite aggressive surgery and multi-agent chemotherapy; an earlier series had reported a 5-year survival of only about 27% [9, 10] .
In conclusion, this case highlights the fact that osteosarcoma of the rib, although rare, should be considered in the differential diagnosis of primary malignant neoplasms of the rib even in the adult population.
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